Abstract-This
The Effects of Screen Captures in Manuals:
A Textual and Two Visual Manuals Compared -MARK GELLEVIJ, HANS VAN Nowadays, the use of visuals in user manuals for the computer industry seems to be a must. Designers devote much time and energy to creating attractive manuals. Often this is done by including various screen captures throughout the manual. These screen captures are presented for more than merely a decorative function. They can show, for example, a required start-screen or the correct result of an action. Designers face important questions such as when (for which type of information) and which screen captures (full or partial) to use in their documentation.
Handbooks on technical documentation reveal very little about the use of screen captures. Price and Korman [1] treat the topic in one paragraph, stating that screen captures should be used for two purposes: 1) to show the results of action steps taken and 2) to show the object to act upon in the next action step. The only design guideline they offer is to use callouts to draw the users' attention to key parts of a window. Similarly, in Dynamics in Document Design, Schriver [2] does not discuss the role and design of using screen captures in technical documentation. She just gives several general guidelines on combining the use of words and graphics in document design.
The most extensive discussion on screen captures comes from Horton [3] . Among other things, Horton questions whether screen captures always have a purpose that justifies their cost. Horton also mentions that screen captures offer visual relief on pages full of text and states that "when used appropriately and placed wisely, they make procedures easier to learn and quicker to follow" (p. 148). What actually is "appropriate" and "wise" is described in three guidelines (p. To give a specific example, when a screen capture in a manual is used to support locating a button on the interface, the user will be quicker in finding that button than without that screen capture. In the meantime, there is no need to search the interface for the relevant button. Consequently, the user will gain less knowledge of the interface as a whole.
Thus, it seems fair to predict that screen captures in manuals cannot serve both goals: to speed up task execution and simultaneously, to improve learning. For this study, a main question is whether this prediction holds. We predict that faster training leads to lower learning. In addition, we look at a design issue of screen captures. More specifically, we examine the role of full-screen captures versus partial-screen captures.
Three manuals (tutorials) were compared: a textual manual (Text), a manual supporting procedural information with partial-screen captures (V-Part), and a manual that supported procedural information with full-screen captures (V-Full). The textual manual was designed according to minimalist principles and heuristics [5] and formed the basis for the two visual manuals. Partial-screen captures were added to the action steps in the V-Part manual, whose design was inspired by Stuur's visual steps approach [6] . A partial-screen capture showed that part (or parts) of the screen the user needed to perform the action step. Examples of partialscreen captures are: menus, dialogs, or parts of windows. Fullscreen captures were added to the action steps in the V-Full manual, whose design was inspired by the Visual Learning Guide manuals by Gardner and Beatty [7] . A fullscreen capture showed the complete interface. Example pages of the three manuals can be found in Appendix A (Text), B (V-Part), and C (V-Full).
The main goal of the study was to find out if these manuals have a different effect on speed of task execution and learning, and whether faster training leads to lower learning.
We expected that the manual with full-screen captures would lead to the quickest task execution. Because of the lack of visual support in the textual manual, we expected this one to be the slowest. For learning, we expected the opposite. As users of the textual manual were expected to devote the most effort on getting to know the system, the largest effect on learning was expected there. For users of the manual with full-screen captures the need to actively examine the system was expected to be the lowest. Consequently, learning effects were expected to be worst for that manual. We expected the manual with partial-screen captures to take the middle position for both speed on task execution as well as learning effects.
We examined two levels of learning: learning to perform the same tasks as trained with the manual (trained tasks) and tasks that were different than trained with the manual (untrained or transfer tasks). For example, a manual can contain information on how to make a bulleted list: the trained task. Matching untrained tasks can be making a bulleted list in multiple levels or making a numbered list.
To examine the effects of manual type on the job-aiding purpose of the manual, we measured training time. The total training time consisted of time that users needed to read explanations, carry out procedures, and explore the program. To find out whether the visual manuals gave visual relief and were viewed as more attractive, user motivation was measured.
METHOD
Subjects Seventy-three Dutch students from the Faculty of Educational Science and Technology participated in the experiment. The mean age of the experimental group was 21.2 years (SD 2.4 years). The subjects were classified as intermediate or experienced computer users on the basis of their score on the Computer SelfEfficacy Scale questionnaire. It was expected that subjects with less computer experience would benefit more from screen captures than would experienced users. Subjects were randomly assigned to one of the three experimental conditions: Text, V-Part, or V-Full. Table I shows how the subjects were distributed. Classification of subjects into levels of computer experience served two additional purposes. One, it made clear that the subjects' level of experience was average or above average; they were certainly not beginners. Two, it made it possible to check that subjects were indeed randomly distributed over the three conditions.
Materials
Computers: The sessions were held in a computer room with 20 IBM compatible Pentium Pro 166 computers with 32 MB of RAM. During the experiment, all subject actions with the computer program were logged automatically.
SimQuest and Motion Application: Subjects learned to use the SimQuest authoring tool version 1.1 [8] . SimQuest uses an objectoriented approach, which means that a collection of ready-made elements can be used to create an application or program. With SimQuest, the teacher or designer creates a learning environment that offers a set of simulations, assignments, and explanations that enable learners to explore a specific domain. A main component in the subject's education (educational science and technology) is learning how to systematically design instruction using various media. As SimQuest is a state of the art tool for designing multimedia instruction, it was expected that the subjects would be very interested in learning to use it.
The SimQuest application used to exemplify the creation of a simulation environment in the manuals dealt with the physics domain of motion. The application lets the students explore the relationship between initial velocity, velocity at a certain point and time, and acceleration. Subjects are shown various simulations with moving motorcycles, trains, cars, scooters, and others. Assignments make it possible for the student to check the correctness of any discovered relationship. Explanations such as videos and textual information introduce and discuss the variables used in the simulations and assignments. Main tasks trained in the manual concerned modifying and creating simulations, assignments, and explanations.
Manuals:
The manuals were written in English, and all contained exactly the same text. In order to avoid differences in reading, we attempted to keep the layout of the three manuals as similar as possible. Even so, the presence of screen captures led to manuals of different sizes. The text manual consisted of 32 pages. The V-Part had 54 pages containing a total of 231 partial-screen captures, and the V-Full had 58 pages, containing a total of 87 full-screen captures.
Each chapter in the manual consisted of two sections (see Fig. 1 ): a guided section with a brief task description and detailed action steps to accomplish the task, and an exploratory section, which offered 
Questionnaires and Tests:
The subjects received a questionnaire with general questions about gender, age, and previous experience with authoring tools. Nineteen participants (7 males and 12 females) stated that they had used an authoring tool at least once. In addition, there were 20 questions to classify the subjects as intermediate or experienced computer users. For this purpose, the Computer Self-Efficacy Scale [9] questionnaire was translated into Dutch. This questionnaire used a five-point agree-disagree scale.
An electronic questionnaire, based on Keller's ARCS theory [10] , asked the subjects about their motivational state. The four motivational elements from the ARCS theory (Attention, Relevance, Confidence, and Satisfaction) were captured in four SimQuest-specific questions, which were shown (every 15 min) in an automatically appearing window (see Fig. 2 ). Subjects were asked to answer the questions by moving the sliders, which always displayed the middle, neutral, position when presented.
Two tests were used to determine learning effects: an immediate test and a delayed test. The items in the tests had two levels of difficulty:
• Items that measured trained tasks (exercises that were the same as practiced with the manual); and
• Items that measured untrained, also known as transfer tasks (new tasks that were different from practiced tasks). The practice session lasted 4 hours maximally. It was held from 9:00 A.M. to 1:00 P.M., with two coffee breaks of 15 min. At the start of this session, the subjects were told that their task was to learn how to work with SimQuest. They were told to work on their own, using only the manual for support. During practice, every 15 min a pop-up screen appeared asking the subjects the four questions about their current motivational state. The subjects could stop practicing when they felt they were able to comfortably use SimQuest.
The immediate test session took place the same day, starting at 2:00 P.M., and lasted a maximum of 2 hours. The subjects were asked to try to do their best without the use of a manual. They were also told that some things in the test would be rather different from what they had practiced that morning. They were further told that this session would end at 4:00 P.M., but that they could leave when they were finished.
The delayed test session took place one week after the first test session. The subjects could work a maximum of 2 hours on this test. As with the immediate test, they were not allowed to use their manual.
Coding and Scoring Computer Experience, Gender, and Previous Use of Authoring
Tools: The questionnaire on computer experience used a five-point disagree-agree scale. Subjects with a mean score lower than 3 were classified as intermediate users, subjects with a score of 3 or higher as experienced users (see Table  I ). Female subjects were scored as 1, and male subjects as 2. Subjects who stated that they had used an authoring tool at least once before were scored as 1 and subjects that never used an authoring tool before as 0. Computer experience, gender, and previous use of authoring tools were all variables at a nominal level.
Time: During practice, all subjects' actions were logged. These logs allowed us to determine training time for guided and exploratory sections. Time used for coffee breaks was subtracted.
Time used on the guided parts showed a direct effect of manual type on task execution. It showed how long subjects took to complete the reading of the short explanations and to carry out the action steps. Time used on exploratory parts showed the time users spent in exploration. Both in guided and exploratory sections, subjects had to save their work as a last action. Saving was therefore taken as the transition to the next section.
A MANOVA showed no significant relations between time and computer experience, time and gender, or time and previous use of authoring tools. Therefore, there was no need to correct for these three variables when examining differences on time.
Motivation: The data of the motivation pop-up questionnaire consisted of a maximum of 12 repeated measures. The first measurement was removed because it was used for practice. After the ninth measurement, the number of subjects that answered the questionnaire dropped below the pre-set criteria of 85% (it was 84%). Therefore, only measurements 2-9 were used in the analysis. Examination of the instruments' reliability showed that the questionnaire was highly reliable (see Table III ).
Tests were performed to determine if the results on the four measures could be combined into one value indicating the subjects motivational state. Table IV shows the correlations between the four items. Pearson correlations indicate that the four indeed share a fundamental basis. Therefore, the scores for the four measures were combined into a composite score for motivation.
A MANOVA showed no significant relations between motivation and gender, and motivation and previous use of authoring tools. A significant relation was found between motivation and computer experience
Computer experience will therefore be treated as a covariate when testing for Learning Effects: For each trained or untrained item, a subject could receive a score of 1 if the item was performed correctly or a score of 0 if executed incorrectly.
A MANOVA showed no significant relations between learning effects and computer experience, learning effects and gender, or learning effects and previous use of authoring tools. Therefore, there was no need to correct for these three variables when examining differences on learning. The three conditions differed considerably in the time subjects spent on exploratory sections. Subjects with the text manual spent almost twice as much time exploring the program as did users of V-Part manual. This difference was statistically significant ; with a Tukey HSD-test at ). Users of the text manual thus appeared more willing to devote time on trying things themselves than users of the V-Part manual. This may signal a difference in motivation, although this could not be proven statistically (see next section). The statistically significant difference on time used on exploratory sections continues to exist when time on exploratory sections is taken as a proportion of the total training time ; with a Tukey HSD-test at ). The mean proportion of time used on exploratory sections of the total training time varied between 0 and 24%.
Results

Time:
Motivation: An ANCOVA with computer experience as covariate showed no significant effect of manuals on motivation Experienced users were more motivated. Regression analysis showed that 7% of the variance on motivation could be explained by computer experience Despite the fact that there were no statistically significant main effects of manual type on motivation, the results consistently favor the V-Full manual (see Table VI ). These results give an indication of the possible visual relief that this type of manual is supposed Examinations of the results in the course of time showed results that pointed in the same direction, favoring the V-Full manual. Fig. 3 shows the flow of measurements on motivation. It can be seen that the V-Full manual is the best motivator on all factors, all the time, but not significantly so. A repeated measures test found no proof in favor of one of the three manuals Surprisingly, there are no clear differences between the V-Part and text manuals. In other words, there seems to be no extra benefit in offering partial-screen captures in comparison to plain text. Indeed, there may be an opposite effect. As motivation slightly drops over time using the V-Part manual, it may well be that partial-screen captures tend to de-motivate.
Learning Effects: All subjects, regardless of the manual with which they had practiced, performed quite well on the items that measured trained tasks. On the immediate test as well as the delayed test, more than 87% of the tasks were performed correctly (see Table VII ). This ceiling effect is troublesome because it strongly limits the chances of finding any significant differences on trained tasks.
The untrained tasks were performed somewhat less well (see Table VIII users to more actively explore the program. The results on time, where significantly more time was spent on exploratory parts by text users than V-Part users, supports this explanation. Apart from devoting more time, it could also be that the partial-screen captures interfere with understanding the program. On the one hand, the information given by the partialscreen captures may have been too limited to support users to learn to understand the program. On the other hand, the partial-screen captures may have confused users who actively constructed their own understanding of the program and therefore disturbed that construction process.
Trade-Off Between Time and Learn-
ing Effects: Examinations of Pearson correlations between training time and learning effects revealed an intriguing pattern (see Table  IX ).
The correlations for total training time show that there is a negative relationship (immediate test) or no relationship (delayed test) with the scores on the retention tests. This means that shorter training time leads to higher test scores respectively, that there is no relationship between training time and test scores. Correlations on guided sections are all negative, except for the V-Full manual on the delayed test, where the correlation is nil. From theory, it was expected that a gain in time would work against learning. Therefore, we expected the correlations to be positive. Instead, the results show that shorter training time leads to more learning, and longer training time leads to less learning. These findings clearly contradict a trade-off between training time and learning.
It is interesting to see that there were no main differences between manuals in this respect. Manuals like these, designed-among others-to shorten training time do not obstruct learning. On the contrary, there is some indication that users benefit. This finding made us reconsider the need to take training time into consideration as a correcting factor when considering effects 
CONCLUSION
The experiment does not make it perfectly clear whether screen captures are a necessary feature for the improvement of documentation. Looking at the results, there is proof that a design in which partial-screen captures are coupled to action steps is not a good solution. On several measures, the subjects who had worked with the V-Part manual performed worse than the other subjects.
When the V-Full and text manuals are compared, there is no proof that one leads to more learning than the other. Also, in time used on guided and exploratory parts, no differences were found between the V-Full and text manuals. The use of full-screen captures suggests a motivating influence. The experiment has not proven this assertion, however.
Another important finding of this study is that the use of screen captures does not lead to a trade-off between gain of time and benefits for learning. The results show that better performances on the tests cannot be asserted to an increase in training time. Therefore, it can be concluded that documentation designed to expedite the execution of tasks does not necessarily hamper the learning that may result.
One might conclude that devoting much time and resources on presenting screen captures in manuals is not worth the effort. A closer look at the experiment cautions against such a conclusion. There are several arguments to show that it may be too early to tell.
An important premise for this experiment was that we wanted to have a situation that was close to reality. It can be argued that learning how to use a computer program with a manual as the only source of information, and for 3 hours in a row, is a not realistic situation. Learning a computer program at home or at work may go quite differently. It may take four half-hour sessions over a period of two weeks instead of one long session. Using a visual manual instead of a textual one in this case, where you have to restart several times, may then have its benefits.
A final consideration is that the subjects who participated in this experiment may not represent computer users in general. As students and our faculty must and do use computers quite a lot, their computer experience (and level of formal educational training) is probably higher than that of average computer users. For real novices, differences between using textual and visual manuals may again be stronger.
Looking at the types of manual used in the experiment, a few remarks can be made. It was surprising to see that there were no differences in time on task, especially because Van der Meij [4] found quite strong effects. This may very well be explained by the manuals used in both experiments. Van der Meij used manuals that were meant for job-aiding purposes only. That documentation consisted almost completely of procedural information whereas the tutorial in this experiment was a balanced combination of conceptual and procedural information. As the focus of a tutorial is primarily on learning, or better, in getting to understand the program by doing, reading, and exploring, less gain in time can be expected.
A second remark pertains to the difficulty of the tests in combination with the quality of the manual. The results for learning show that subjects were very capable of performing the tasks on which they had trained and even on those they did not, both in the immediate and the delayed test. These results indicate that the tests may have been too easy or that the manual did its job well in teaching the subjects how to use the program. Too well, perhaps? If this is indeed the case, benefits from screen captures can only be small. Also, the two designs of the visual manuals were in a way unsophisticated. In each manual, only one type of screen capture design was used, full or partial. These screen captures should support various user activities. For example, a screen capture may focus the user's attention at the start of a procedure, may help the user in identifying and locating screen objects during task execution, and may ease verifying a screen state at the end of a procedure. Functions such as these may require different screen capture designs. A visual manual in which screen captures are presented in a way that their roles and designs are optimally attuned to one another may function much better than the visual (or textual) manuals tested in this study. Van der Meij and Gellevij [11] have proposed a framework for research in this fashion. That framework, created after we completed this study, distinguishes four roles and four design dimensions for screen captures in manuals. With this framework, we think it is possible to finetune roles and designs for screen captures in a more sophisticated way.
Manuals quite often not only serve the purpose of instructing and supporting users. Visually attractive manuals can very well be part of the selling strategy for software packages which could be a legitimate reason to choose a visual manual. If the marketing department makes that decision, they should, as this experiment suggests, opt for presenting fullrather than partial-screen captures. 
